We describe a method for measuring urinary protein with a centrifugal analyzer. Biuret reagent is used, and blanking with an ultrafiltrate of urine eliminates interferences from the nonprotein, biuret-positive chromogens in urine. We compare results by this new method with those by a manual method in which trichloroacetic acid precipitation and biuret reagent are used. The new method shows good precision and excellent correlation (r = 0.997) with the manual method. The ease and convenience of this assay should make this a useful method for the routine clinical laboratory. 
However, data from interlaboratory
surveys show poor comparability of results within and among various quantitative methods (2) (3) (4) , as well as frequent instances of poor intralaboratory precision. The methods most often used by clinical laboratories to quantify urinary protein are acid precipitation turbidimetry, protein dye-binding colorimetry, and biuret reagent with prior acid precipitation of protein (2) (3) (4) (5) (6) (7) (8) .
Alkaline benzathomum chloride precipitation turbidimetry (9) is also likely to be widely used as a consequence of its recent introduction for use in the Du Pont aca discrete analyzer. The major problems with all direct precipitation turbidimetric methods are the difficulty in obtaining reproducible and stable suspensions of the protein precipitate and the inaccuracies caused by interfering substances and variability in the composition of proteins appearing in urine (5, 6, 9-11). The Ponceau S and Coomassie Brillant Blue dyebinding methods are also subject to inaccuracies caused by differences in urinary protein composition, although their precision is somewhat better than that of the acid precipitation turbidimetric methods (5, 6).
Biuret-based methods, being generally accepted as more nearly accurate, have been proposed as the basis for standardizing quantification of urinary protein (12) . However, various nonprotein, biuret-positive interfering substances are a problem. Two general approaches have been used for their removal. Sephadex gel-filtration, to isolate the macromolecular components of urine, has been used in a Selected Method (13) . Alternatively, the protein components of urine are precipitated with trichloroacetic or phosphotungstic acid, after which the acid-soluble interferences are removed in the decanted supernate (7, 8) .
We have approached the problem of biuret-positive, low molecular-mass components in urine somewhat differently. Rather than trying to remove them before biuret colorimetry, we assay the urine with the interfering small molecules present and, in parallel, assay an ultrafiltrate of urine to quantifr the contribution of these small molecules to the apparent urinary protein. We describe here this new approach and detail how results compare with those by a manual biuret method involving precipitation with trichioroacetic acid.
Materials and Methods

Materials
Reagents.
Human Samples.
Samples were from 24-h urine specimens submitted for measurement of urinary protein. Samples were initially analyzed by the manual method (8), and then stored at 4 #{176}C for no longer than 48 h before analysis by the present method.
Control.s. Collect urine from normal subjects and store it refrigerated. Before analysis, filter through Whatman no. 42 filter paper to remove particulate material, add 1 g of sodium aside per liter, add an appropriate amount of bovine albumin for abnormal controls, and store 3-mL aliquots frozen at -20 #{176}C. Such aliquots are stable for at least six months.
Procedures
Ultrafilt ration procedure. Add 1.5 mL of centrifuged (1000 x g, 10 mm) urine to a Centrifree#{174} Micropartition system MPS-1 ultrafilter (prod. no. 4010; Amicon Corp., Danvers, MA 01923) equipped with an anisotropic, hydrophilic YMT ultrafiltration membrane (prod. no. 40420). This apparatus and membrane were originally designed for separation of low-molecular-mass compounds such as drugs from protein in serum. Centrifuge the sample in the ultraffitration apparatus for 10 mm at 1500 x g in a fixed-angle rotor to produce about 0.5 mL of ultrafiltrate.
Some lots of the YMT membrane contain a water-soluble, biuret-positive substance that elutes into the urine ultrafiltrate, causing spuriously high results for urinary interferents in the ultrafiltrate and, consequently, low calculated results for urinary protein. 5; number of data points, 2; start mode 2 (no incubation to temperature before mixing).
Calculate the urinary protein concentration by subtracting the "protein" result for the urinary interferents in the ultrafiltrate (usually between 0.2 and 2.0 g/L, depending on the total 24-h urine volume) from the "protein" results for the unfiltered urine.
Results and Discussion
As shown in Table 1 , the ultrafiltrate-blanked method for urinary protein has precision similar to that of the widely used quantitative urinary protein methods. Upon addition of 4 g of bovine albumin, human albumin, or human gamma-globulin per liter to 16 randomly selected, hospitalized patients' urines, mean analytical recoveries were 99% (CV 6.1%), 98% (CV 7.0%), and 96% (CV 7.9%), respectively. The response of the method is linear with concentration to 10 gIL. Urines with apparent protein exceeding 10 g/L are very rarely encountered, but can be diluted with 0.15 mol/L saline before analysis. Depending on the instrumentation selected for protein analysis, precision in the low protein range may be improved somewhat by increasing the volume of urine and urinary ultrafiltrate relative to reagent volume. However, the range of method linearity is thereby truncated.
Using this method primarily to follow patients with mild to moderate proteinuria, we chose assay conditions that would obviate frequent urine dilution, yet be reasonably precise in this concentration range for urinary protein.
As shown in Figure 1 and Table 1 , the accuracy of the proposed method, as assessed by comparison with the trichloroacetic acid precipitation biuret method, is better than that for any of the dye-binding, acid precipitation turbidimetric, or alkaline benzathonium chloride precipitation The lack of correlation of these other methods with the biuret-based method is even more obvious if one examines actual scattergrams (e.g., see 5) . A further concern with some dye-binding methods is serious lack of linearity of urinary protein results with dilution (14).
Another advantage of the ultrafiltrate-blanked method over direct acid precipitation turbidimetric and acid precipitation biuret methods is the absence of positive interference from certain renally excreted drugs; e.g., most penicillintype antibiotics, which are excreted in large quantities. As shown in Table 2 line copper solutions. Although drug interference can sometimes be recognized by abnormal colors of the protein precipitate itself or after addition of biuret reagent, antibiotics have caused misdiagnosis of proteinuria in patients, which may be more common than is generally recognized (17, 18). With the proposed method, addition of similar concentrations of nafcillin, piperacillin, or mezlocillin to normal urine or urine supplemented with 5 g of pooled serum protein per liter merely increased the apparent "protein" in the ultrafiltrate blank and unfiltered urine equally, leaving the amount of measured urine protein unchanged.
In conclusion, the proposed ultrafiltrate-blanked biuret method for urinary protein is accurate, precise, and reasonably free of interferences; its ease and convenience should make it a very useful method for use in the routine clinical laboratory.
